Abstract. Accurate estimation of soil organic carbon (SOC) is needed in many fields of science including ecology, soil science and global climate change. Loss on ignition method (LOI) of estimating SOC has been proposed as rapid, accurate and cheap method but it has some limitations. Walkley-Black method is also widely used. For this study, 12 soil samples from 0-15 cm depth were collected from four sites of the Crop Plantation Section of the Department of Crop and Soil Sciences, KNUST. The amount of SOC (%) estimated by LOI and W-B methods, and clay content were used to develop simple and multiple linear regression equations to describe their relationships. The highest estimate of SOC (3.28%) was produced by Loss on ignition method, whereas W-B gave lower estimates with 1.35% being the highest produced by this method. The coefficient of determination, R 2 , for the equations ranged from 0.35 to 0.84. Very weak relationship was observed between LOI and W-B as evidenced by R 2 value of 0.35. The clay content had a strong positive correlation (r = 0.70, p < 0.001) with LOI and gave R 2 value of 0.49, depicting a moderately strong relationship. However, multiple linear regression analysis of clay content and LOI values as independent variables and W-B values as the dependent variable provided reliable estimates of SOC with R 2 value of 0.84. Results from t-test analyses showed that estimates of the constants and coefficients of all variables in the equations were significantly different.
INTRODUCTION
Soil organic carbon occurs in soils as plant and animal matter, their immediate decomposition products and humus. It is the chief element of soil organic matter and it plays an important role in the global carbon cycle and climate change (Lal and Kimble, 2000) . Naturally, SOC forms are derived from the decomposition of living organisms but other sources are those that are derived as a result of contamination through anthropogenic activities (Schumacher, 2002) . The determination of total SOC is an essential part of site characterization since its presence or absence can markedly influence how chemicals will react in the soil. Again, it is typically requested with contaminant analysis as part of an ecological risk assessment data package. Furthermore, most terrestrial carbon is held in soils, more than twice as much as in vegetation or the atmosphere, and changes in SOC content can have a large effect on the global carbon budget (Bellamy et al., 2005) . Soil organic carbon can be used for assessing soil quality; it indicates the level of productivity of a given soil. Thus, large amounts of SOC will enhance water retention, prevent leaching of soluble nutrients, serve as source of sink for nutrients and maintain soil fertility (Murrage et al., 2000; Bationo et al., 2009 ). Estimates of soil organic carbon often are needed for applications in ecology, soil science, and global climate change.
Many methods are available for measuring soil organic carbon, each with advantages and disadvantages in terms of accuracy, expense, and convenience (Nelson and Sommers, 1996) . Loss on ignition is cheap, fast and easy method of estimating SOC and Elemental carbon analyzer is very expensive than the other methods but very accurate (Konen et al., 2002) . However, it is liable to errors from ignition temperature and duration and mass of soil to be ignited. Very low ignition temperatures will underestimate organic carbon and high temperatures and longer duration for ignition will consequently overestimate organic carbon (Heiri et al., 2001) . It is also significantly affected by clay content due to loss of "structural water" held in clay minerals during ignition in the muffle furnace and also not all SOM ignites (Konen et al., 2002; Brunetto et al., 2006; Escosteguy et al., 2007; Abella and Zimmer, 2007; Yerokun et al., 2007; Salehi et al., 2011) . On the other hand, W-B has significant uncertainties regarding oxidation of other constituents in the soil and the proportion of total soil organic carbon that is oxidized. It also shows variable soil organic carbon recovery and generates wastes that contain strong acid and Chromium (Page et al., 1982; Abella and Zimmer, 2007) . However, W-B has been proposed to be economically suitable for determining the SOC of Chilean volcanic soils (Matus et al., 2009) .
According to Beaudoin (2002) LOI and W-B, show very little variance in the estimation of SOC. The former gave good estimates of SOC and SOM, but it had the worse precision (Schumacher, 2002) , among other methods including Walkley-Black method and it is generally deemed unreliable for soils with low organic carbon contents. When LOI and W-B is compared with the reference method (i.e. dry combustion), an excellent relation existed between them, with a mean conversion factor of 1.25, which compared well with the recommended value of 1.32 (Walkley and Black, 1934; Grewal et al., 2006) . Over the years, there have been different regression equations and models developed for the estimation of SOC by various methods. Regression equations between LOI and SOC determined by elemental carbon analyzer were developed by Konen et al. (2002) and had coefficient of determination for the equations ranging from 0.94 to 0.98 which showed very strong relationships. Clay content and clay mineralogy had significant effect on these equations. Abella and Zimmer (2007) developed multiple regression equations using LOI, SOC measured with elemental carbon analyzer and clay content. Clay content explained 78% (0-15 cm) of the variation in SOC. It was the only variable that improved slightly, the predictions in the multiple regression equations. Mean conversion factor of 14.9 based on clay content, was obtained by Sutherland (1998) for improving LOI. This high mean conversion factor reflected significant water loss by dehydration of Fe, Al, and Mn oxides at a muffle furnace temperature of 450°C. Again, the LOI method has been widely used for estimating SOM in a muffle furnace at 360 o C for 2 h (Schulte et al., 1991; Konen et al., 2002; Brunetto et al., 2006; Escosteguy et al., 2007; Yerokun et al., 2007) and at 300, 450, and 600 o C for 2 h (Abella and Zimmer, 2007) .
Accurate estimation of within-field SOC is currently an important priority for precision agriculture, given its importance in defining precise fertilizer and pesticide management practices, thus optimizing field productivity and minimizing groundwater contamination risks (Sudduth and Hummel, 1996; Ingleby and Crowe, 2001) . With recent interest in studying the carbon cycle on arid land (Stone, 2008; Wang et al., 2012) , there is a need to quantify SOC of arid soils in order to assess the most efficient method. In view of this, a cheap, simple and easy method for its estimation in the laboratory will be of a great necessity. The main objective of the study was to propose a simple and easy method for estimating SOC in the laboratory.
MATERIALS AND METHODS

Study Area
Soil samples for the study were collected from the Crop Plantation Section of the Department of Crop and Soil Sciences, KNUST, Kumasi from four sites including; cocoa plantation, oil palm plantation, uprooted oil palm plantation land and arable land under cultivation (plantain intercropped with cassava). The soils belong to the Bomso series and classified as Acrisol (FAO, 1990) . The vegetation is semideciduous forest and has bimodal rainfall distribution.
Soil sample Collection and Preparation
Three soil samples each of soil depth, 0-15 cm were collected from the four different sites of the Crop Plantation. The soil samples were air-dried for 10 consecutive days in the soil chemistry laboratory of the Department of Crop and Soil Sciences, KNUST and later sieved through a 2 mm sieve to remove debris. Part of the air-dried soil samples was ovendried to a constant mass at a temperature of 105 o C for 24 hours. These were used for all the chemical and physical analysis.
Laboratory Analysis
Particle size analysis was determined following the hydrometer method and the pH, also determined as the soil pH in distilled water using pH meter when 1:2.5 soil: water ratio was used. Percentage organic carbon was estimated using W-B by oxidizing soil with excess dichromate solution and titrating against a standard ferrous sulphate solution to determine the amount of unreduced dichromate solution. The organic carbon content (%) was further calculated from this. Oven-dried soil sample was ignited in a muffle furnace at a temperature of 400 o C for four hours. The percentage loss in mass expressed per unit mass of oven-dried soil was divided by the Van Bemmelen constant (1.724) to derive the SOC by LOI.
Statistical Analysis
The percentage organic carbon for the 12 soil samples were used for correlation and regression analysis. Values from LOI were semi-logarithmically transformed and were used with W-B values to develop simple regression equation. Using a clay base conversion factor of 2.04, conversions on LOI were made. The converted LOI was used together with W-B to develop simple regression equation. Clay content and LOI were used to run correlation analysis and also develop regression equation. Multiple regression equation using LOI, clay and W-B was also obtained. The coefficient of determination in each case was determined. All the analysis was done by using GenStat Statistical Package (GenStat Discovery, 2008).
RESULTS AND DISCUSSIONS
Regression and Correlations
Very low coefficient of determination between LOI and W-B (0.35) depicted weak relationship. Loss on ignition gave the higher estimates with the highest estimate of SOC as 3.28% whereas W-B gave lower ones with the highest one as 1.35%. This is in agreement with Rowel (1970) that the LOI always gives a higher estimate of soil organic carbon due to effect of clay content. Again, W-B had wider variability than LOI which is in consonance with reports by Konen et al. (2002) and Abella and Zimmer The clay content of soil samples had some effect on LOI. There was strong positive correlation (r = 0.70, p < 0.001) between clay and LOI. Coefficient of determination, R 2 , of 0.49 depicted moderately strong relationship. It implied that 49% of the variation in the SOC is explained by the variation in clay content of the soils. Effect of clay content on SOC is due to loss of "structural water" held in clay minerals, within temperature range of 280 o C -400 o C as reported by Hesse (1971) . However, R 2 value was very low when compared with what Abella and Zimmer (2007) had (R 2 = 0.78). This could be due to the mass of soil and consequently the amount of clay that was ignited, the ignition temperature and duration (Heiri et al., 2001 ). Again, R 2 = 0.49 clearly shows that other factors, other than the above could affect LOI; decomposition of some inorganic constituents of the soil such as carbonates (Alexander and Byers, 1992; Schulte and Hopkins, 1996) . A simple linear regression equation (Eqn. 2) was obtained for clay content and LOI. y 1 = 0.12x 1 + 1.86 (2) R 2 = 0.49 Where, y 1 = LOI ;x 1 = clay content of soil The effect of clay content on LOI produced a conversion factor of 2.04. This situation could have arisen due to loss of small amount of "structural water" resulting from the ignition of small amount of clay from the small mass of soil ignited or to very low clay content in the soil samples. In contrast, Sutherland (1998) reported a mean conversion factor of 14.7 and attributed it to the significant loss of "structural water" in clay minerals. The conversion factor value was used to derive converted values for LOI that were used to produce a linear regression equation ( (Page et al., 1982; Abella and Zimmer, 2007) and possible errors in LOI rendering it, an approximate measure of SOC (Rowell, 1970; Heiri et al., 2001) . Multiple linear regression equation (Equation 4) using clay content of soil and LOI as independent factors and W-B as dependent factor provided reliable estimates of SOC since the coefficient of determination was improved significantly (R 2 = 0.84, p < 0.01). Some researchers have also shown that the LOI estimation is improved where clay content as an independent variable is included in multiple regressions (Konen et al., 2002; Abella and Zimmer, 2007; Yerokun et al., 2007) . y 3 = 0.65x 3 -0.08x 4 + 0.05 (4) R 2 of 0.84 Where, y 3 = W-B, x 3 = LOI, x 4 = clay content of soil.
From equation (4), the R 2 value of 0.84 shows that 84% of the variation in organic carbon estimated by W-B could be accounted for by LOI and percent clay content. Further results from t-test analysis revealed that estimates of the constants and coefficients of all variables in the equations showed very significant differences.
CONCLUSIONS
Clay content of soil samples had some effect on SOC estimated by LOI, with about 49% of the variations in LOI explained by clay content. Conversion factor for LOI based on clay content of the samples could be used for improving it. Again, the multiple regression equation provided a reliable estimate of organic carbon from W-B using the LOI and clay content. Hence, LOI could be very useful for determining SOC in soils with large amounts of SOM but low clay contents. Values obtained from the W-B method had wider variability than LOI, however, LOI values gave higher estimates of SOC, but, very weak relationship was observed between them. The results from the study suggest that further investigations on other factors other than clay content should be carried out to evaluate their effects on SOC estimation by LOI. Furthermore, the multiple regression equation should be tested under different edaphic conditions for its efficacy. 
